A bacteriophage with a B-3 morphology was detected by electron microscopy in a spirochete isolated from the tick Ixodes dammini. It has a 40-to 50-nm elongated head and a tail 50 to 70 nm in length. It appears devoid of collars or kite-tail structure. The spirochete has been identified as the causative agent of Lyme disease.
Recently, we reported the discovery and isolation (6) of a spirochete from the ixodid tick Ixodes dammini (19) and presented data which identify it as the cause of Lyme disease (6) . Similar, perhaps identical spirochetes have since been isolated from patients with this disease (4a, 19a) and from large and small mammals captured in endemic areas (5a) . During fine-structural studies of the original isolate from I. dammini, we observed that the spirochetes of this isolate were infected with a bacteriophage.
Portions of the initial culture and subsequent passages were fixed for transmission electron microscopy by adding an equal volume of 2x fixative to each portion by the method of Ito et al. (11) . After 5 min at room temperature, portions of 1.5 ml were placed in 1.5-ml microfuge tubes and centrifuged for 10 min (two spins) in a Beckman microfuge (model B) to pellet the fixed spirochetes. The resultant pellets were fixed for an additional 15 min at room temperature. These pellets were then dislodged with a dissecting needle and transferred to 1-dram glass vials for washing, osmification, dehydration, and preembedding, as previously described (9) . Embedded materials were cut with a DuPont diamond knife, and silver-gold sections were collected on flamed, naked, 300-mesh copper grids, poststained for 7 min with 1% aqueous uranyl acetate at 60°C, washed with glass-distilled water, stained with lead citrate (14) for 4 min, and washed again with distilled water (hot to touch) to reduce the possible formation of lead precipitates.
Negatively stained preparations were derived from concentrated, purified stocks of spirochetes held in cold storage (-76°C) in 1/15 M phosphate-buffered saline with 5 mM MgCl2 and 16% glycerol (final concentration) (2) . Portions of 5 to 10 ,ul per grid were allowed to adsorb for 15 min to 2.8% Parlodion films cast on 300-mesh copper grids by the method of Garon (8) . Excess volumes were removed by micropipette and bibulous paper, air dried, and then stained with 2% phosphomolybdic acid at pH 5.0 for 15 to 30 s. Micrographs were recorded on Kodak no. 4463 electron image film at an accelerating voltage of 75 kV in a Hitachi Hu liE-1 electron microscope.
The tailed B-3-like bacteriophage (1, 13, 18) associated with the I. dammini spirochete (IDS) ( Fig. 1 and 2 ) has an elongated head ( Fig. la to d and 2c) 40 to 50 nm long and 17 to 20 nm wide, with a tail ranging from 50 to 70 nm in length and 8 to 10 nm in width. The tail ( Fig. la to c) , although not clearly defined, appears to be devoid of collars, tail plates, or fiberous kite-tail attachment structures. The virtually straight tail ( Fig. la to c) can be seen to penetrate the outer membrane, terminating in the plasma membrane. The bacteriophage has an area of constriction adjacent to the head. The thickened portion below this constriction is considered sheathed. Study of section profiles neither reveals nor lends support to the idea that the sheath is contractile. Penetration of the outer membrane is indicated by a faint electron-dense line projecting from the surface into the plasma membrane ( Fig. la to c, arrows) . Phages devoid of or filled with nucleic acid were found attached externally and occasionally in plasmolysed cells, internally to the outer cell membrane (Fig. la to  c and 2b) . They attach randomly to all surfaces of the spirochete, i.e., to the aneurysmic blebs, gemmae, or spherical bodies, or to the outermost tip of the cell (zone 1 according to HovindHougen [10] ) (Fig. lc) .
Both left-and right-handed helically coiled spirochetes were observed in the IDS population. (The direction of rotation [handedness] was Figure ld shows phages that are associated with a spirochete with left-handed coiling. Bacteriophage heads in longitudinal and cross-sectional profiles were also observed within granules located within the aneurysmic blebs (Fig. 2a) . Completely assembled phages were more clearly seen in rarely occurring plasmolysed cells (Fig.  le and 2b) . In negatively stained preparations of spirochetes, they have only been detected internally (Fig. 2c) .
Bacteriophages previously reported to infect other spirochetes (15) (16) (17) are described as polyhedral and tailed (7) or cubic (5) in symmetry. The bacteriophage we observed is of neither morphological type, but has a B-3 morphology and is similar in appearance to XCb13 of Ca(llobacter bacteria first described by Schmidt and Stanier (18) and catalogued by others (1, 13). To our knowledge, this is the first report of a bacteriophage associated with a tick-borne spirochete pathogenic to humans.
Production and release of the IDS bacteriophage appears to depend on some stress or modification of the environment, since fewer bacteriophages were observed in thin-section profiles of later subcultures. This suggests a possible capacity for latency or an increased refractiveness of the spirochete to bacteriophage infection as a result of changing surface antigens, receptor sites, or other modifications due to in vitro cultivation (3, 4, 12) .
We are uncertain as to what conclusions may be drawn from the observation that both morphological handedness types exist in cultures of the IDS and that only left-handed forms appear to be bacteriophage infected. Stepan and Johnson (20) have associated left-handed helical coiling with pathogenesis in treponemes. However, their studies with scanning microscopy do not allow for detection of a bacteriophage. It remains to be investigated whether pathogenesis of the IDS is restricted to left-handed forms or whether the bacteriophage association is related to handedness or pathogenesis, or both.
The degree to which the IDS bacteriophage may be lysogenic, its biological and biophysical properties, and the development of appropriate isolation, recovery, and assay systems for this bacteriophage are the focus of other studies.
